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Abstract 
The Perkins School for the Blind promotes the advancement of reading and writing tools 
for the blind and visually impaired. The Standard Perkins Brailler has been the leading 
mechanical brailler since it was released to market in 1951. This project focused on analyzing the 
design of the brailler using the axiomatic design process and introducing a new method for 
typing braille through the use of pneumatics. This was done by first researching the history of the 
brailler. The next step was evaluating the design approaches taken by Perkins for their brailler 
and then using the axiomatic design process to analyze the design of the brailler. Lastly, the use 
of pneumatics in braille typing was introduced as a new design approach. 
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1. Introduction 
This section details the main objective, rationale, state of the art, approach and methods 
used to complete the project “Analysis of the Braille Writer using Axiomatic Design.” 
1.1 Objective 
The objective of this project is to analyze the design of a braille writer using the 
axiomatic design process and to introduce a new method for typing braille through the use of 
pneumatics. 
1.2 Rationale 
The Perkins School for the Blind promotes the advancement of reading and writing tools 
for the blind and visually impaired. Perkins Products has teamed up with Howe Press, a separate 
printing department on Perkins’ campus, to manufacture the Perkins Braillers. The brailler 
provides a faster and easier way for the blind to write in braille. The Standard Perkins Brailler 
has been the leading mechanical braille writer in sales and production since it was released to 
market in 1951. Perkins Products/Howe Press has manufactured over 300,000 braillers and 
distributed to over 170 countries in the past 60 years (Perkins Products 2012). 
It is important to analyze the Perkins brailler in order to gain a better understanding of the 
design and how it works. This will define the purpose of each component and how each works 
together to produce braille. There have not been many major changes or improvements to the 
design since it was invented over 60 years ago; analyzing the design should contribute to 
clarifying the reason behind this. This is particularly interesting because, although the brailler 
makes braille with an exact precision to spacing and consistency, it has flaws as well. The 
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brailler is heavy, loud, expensive, and can become tiresome due to the long keystroke and high 
force required to type a braille character. In most engineering applications if a product cannot 
adapt well to change, it does not stand the test of time; the brailler seems to be an exception to 
this. This is most likely because of the societal importance of the brailler and the lack of a better 
design on the market. The brailler gives the blind the ability to express themselves through 
writing in a faster manner than a slate and stylus. It is also important to examine current braille 
writing methods, before investigating possible new methods. These new methods could open the 
door to a new design that solves the problems of the original brailler. 
1.3 State of the Art 
There is a variety of options when looking to purchase a braille writer. There are 
mechanical and electrical braillers on the market, each with their own advantages and 
disadvantages. Although Perkins is the leading provider of braillers, Quantum Technologies and 
Electronic Brailler LLC are two other manufacturers of braillers. There is also a brailler 
prototype from Development Technology Workshop that is worth discussing. 
1.3.1 Perkins 
Perkins offers both mechanical braillers and electrical braillers. For the mechanical 
braillers, there are the Standard Perkins Brailler, the Large Cell Perkins Brailler and the 
Unimanual Perkins Brailler. For the electrical braillers, there are the Electric Perkins Brailler and 
the Large Cell Electric Perkins Brailler. Perkins also has two newer braillers: the Next 
Generation Brailler and the Perkins SMART Brailler. 
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1.3.1.1 Mechanical Braillers 
The Standard Perkins Brailler, shown in Figure 1, is the original braille writer designed 
by David Abraham. It is a mechanical brailler with six keys for embossing the braille dots, a 
space bar, a backspace key, and a line-spacing key. The Standard Perkins Brailler weighs about 
4.7 kg (H. Pearson, B. Crenn 2003), with dimensions of 37.0 cm L x 23.0 cm W x 15.0 cm H 
(Perkins Products 2012). The keystroke is approximately 2 cm long and it requires 
approximately .7 kg of force to emboss the paper (H. Pearson, B. Crenn 2003). The user can type 
25 lines with 42 braille cells on 11'' by 11.5'' paper. The Standard Perkins Brailler costs around 
$750 (Perkins Products 2012). 
 
Figure 1: Standard Perkins Brailler (Perkins Products 2012) 
The large cell braillers, both mechanical and electrical, have an enlarged braille cell to 
allow easier reading for people with tactile problems. The mechanical large cell brailler costs 
$795, while the electrical large cell brailler costs $1050 (Perkins Products 2012). 
The unimanual brailler is designed for someone with the use of only one hand. This 
works by the use of a locking mechanism that holds keys down on one side to allow depression 
of keys on the other side at the same time. The unimanual brailler costs $795 (Perkins Products 
2012).  
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There was little change to the design of the original mechanical brailler until recently. 
Perkins decided to revisit the design of their successful braille writer and make improvements to 
it. In 2008, Perkins revealed their newly designed brailler, the Next Generation Perkins Brailler, 
shown in Figure 2. The new designs make the brailler more ergonomic, and easier and less 
expensive to manufacture. In early 2012, Perkins released the Next Generation Perkins Brailler, 
Version 2. This brailler is a slightly improved version of the original Next Generation. The Next 
Generation Perkins Brailler weighs about 3.6 kg and is said to require less force to type braille 
than the Standard Brailler (Maxi-Aid 2012). The dimensions are 30.5 cm x 25.4 cm x 15.2 cm 
(Maxi-Aid 2012). The Next Generation Perkins Brailler costs around $710 (Perkins School for 
the Blind 2012). 
 
Figure 2: The Next Generation Perkins Brailler (Perkins School for the Blind 2012) 
1.3.1.2 Electrical Braillers 
The Perkins Electric Brailler has many advantages. This brailler requires less force to 
depress the keys due to the electrical components replacing the mechanical systems within the 
brailler. The keystroke is also much shorter than that of the mechanical brailler. The ability for 
easier and faster typing allows the user to braille for a longer amount of time and to produce 
more writing in that time than with the Standard Brailler. The electrical brailler is also more 
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compact and light-weight than the mechanical brailler. The electrical brailler is good for a child 
or an adult with weak fingers or whose hands are not fully functional. Unfortunately, in some 
places, such as third world countries, electricity is not accessible, so the electrical brailler is not 
always a viable option. The electrical brailler is also more expensive than the mechanical 
brailler. The cost of the Perkins Electric Brailler is $995 (Blinksoft 2011). 
 
Figure 3: Perkins Electric Brailler (Perkins Products 2012) 
The Perkins SMART Brailler is a multi-purpose, multi-sensory mechanical brailler. It is 
used as a method of learning braille for blind students of all ages, and also sighted parents, 
teachers and peers. It provides audio feedback and a screen for visual feedback. It integrates an 
electrical system, for learning, with the Next Generation mechanical brailler. It can be used for 
learning, or simply typing braille. It has the ability to save and transfer electronic documents via 
USB. The user can also edit the documents. This brailler is not only for the blind; the sighted can 
also effectively learn braille from it. The Perkins SMART Brailler costs about $1,995 (Perkins 
Products 2012). It will be released for sale in the US in September 2012, and internationally in 
October 2012. 
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Figure 4: The Perkins SMART Brailler (Perkins Products 2012) 
1.3.2 Quantum Technologies 
Quantum Technologies offers both mechanical and electrical braillers. 
1.3.2.1 Mechanical Braillers 
Jot-a-Dot is a small “pocket-sized” brailling device from Quantum Technologies. It is a 
6-dot, mechanical brailler with an ergonomic keyboard design. It weighs approximately .34 kg, 
allowing it to be easily portable (Humanware 2012). The Jot-a-Dot costs $425 (Quantum 
Reading Learning Vision 2011). 
 
Figure 5: Jot-a-Dot (Quantum Reading Learning Vision 2011) 
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Tatrapoint is another mechanical brailler from Quantum Technologies. It has adjustable 
key spacing on the keyboard. It also has adjustable left and right margins. There is a bell that is 
set off when the embossing mechanism is 5 cells before the end of the line. This brailler uses 
standard braille paper size of 11 1/2" x 11" (Quantum Reading Learning Vision 2011). The 
dimensions are 40 cm x 26 cm x 8.5 cm (Quantum Reading Learning Vision 2011). This brailler 
is slightly longer than the Perkins Next Generation Brailler, but it is about half the height. It 
weighs about 2.75 kg (Quantum Reading Learning Vision 2011). 
 
Figure 6: Tatrapoint Brailler (Quantum Reading Learning Vision 2011) 
1.3.2.2 Electrical Brailler 
The Mountbatten electrical brailler from Quantum Technologies comes in four different 
models: Mountbatten Writer, Writer Plus, Pro, and Learning System. The Mountbatten has an 
easy correct and erase function and also has an audio response that tells the user what commands 
are being entered. It has the ability to connect a PC keyboard to enable sighted peers to write in 
braille. It has a braille-to-print and print-to-braille translation feature and a graphics embosser. 
The Mountbatten Pro has a voice synthesizer that enables file management and text editing. The 
Mountbatten can be connected to a PC to allow files to be sent back and forward. The keyboard 
of the Mountbatten is ergonomic and has a light-touch response. This allows the ease of use, and 
therefore the user can type braille for many hours at a time. It has built-in speakers, but also has 
the option to use headphones. It can run on battery, and comes with a power cord. The 
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Mountbatten dimensions are 44.9 cm x 23.9 cm x 9 cm (F. M. D’Andrea 2005). The cost of the 
Mountbatten is $3,895 (F. M. D’Andrea 2005). 
 
Figure 7: Mountbatten Brailler (F. M. D’Andrea 2005) 
1.3.3 Electronic Brailler LLC 
Another type of braille typewriter is the Cosmo Braille Writer manufactured by 
Electronic Brailler LLC. This multi-purpose electrical brailler can be used as a braille embosser 
or as a Braille input and output device for a computer when using the Duxbury Braille 
Translation application. The advantages of this brailler are that it has multiple purposes and that 
it is quiet. It is easy for both adults and children to use and it is portable. The Cosmo Braille 
Writer is also marketed as economical and easy to maintain. Another selling point for this 
brailler is that there are no electrical components or wires in the keyboard itself. The keys are 
described to have “a living hinge similar to a piano’s keyboard” (Electronic Brailler LLC 2012). 
The keyboard can be easily disassembled for cleaning and re-assembled for use again with no 
electrical interaction. This makes the brailler somewhat “accident proof” (Electronic Brailler 
LLC 2012). The sale and shipping of Cosmo Braille Writer began in August 2012. The cost of 
the Cosmo Braille Writer is $2,330 (Electronic Brailler LLC 2012). 
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Figure 8: Cosmo Braille Writer (Electronic Brailler LLC 2012) 
1.3.4 Development Technology Workshop 
The DTW Mk5 Braille Writer, also called the PrinSon Brailler, is from the Development 
Technology Workshop (DTW). The DTW Mk5 Braille Writer is the result of a design and 
development process spanning over two years. It was a project to design a low-cost brailler that 
can be both manufactured and sold in developing countries. It is a mechanical brailler that 
weighs 3.5 kg with dimensions of 37.0 cm L x 13.5 cm W x 10.5 cm H (H. Pearson, B. Crenn 
2003).  It has a total force of .7 kg to type braille (H. Pearson, B. Crenn 2003). This total force is 
the sum of the force to depress a character key and the force to depress the space bar. 
 
Figure 9: PrinSon Brailler (H. Pearson, B. Crenn 2003) 
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1.4 Approach 
The Perkins mechanical braillers have definite needs of improvement. The braillers are 
loud, tiring to use, heavy and expensive. They are also difficult to manufacture and assemble. 
This project will analyze the design of a braille writer using the axiomatic design process and 
introduce a new method for typing braille through the use of pneumatics. In analyzing this, an 
understanding of the reasons behind the problems will be discovered. Using this understanding, a 
new concept of pneumatics will be introduced as a possible solution for a new design. 
1.5 Methods 
The objective is to be achieved through the completion of four goals. The first goal is to 
understand the history of the design of the braille writer. The second goal is to evaluate the 
approach taken by Perkins to design, and redesign, their mechanical braille writer. The third goal 
is to understand the axiomatic design process and use it to analyze the design of the Standard 
Perkins Brailler. The fourth goal is to introduce the use of pneumatics with the mechanical 
brailler. 
2. Research 
Research was conducted in order to complete the four goals, and therefore achieve the 
main objective. This section gives a summary of the research done for this project. 
2.1 History of Braille and Braille Writing Methods 
Louis Braille was born in France in 1809 (J. E. Sullivan 2012). Due to an accident, at the 
age of three, Louis lost his sight. He attended the Royal Institute for Blind Youth in Paris at the 
age of 10. Here, he learned a raised-dot system developed by the school’s founder, Valentin 
Haüy. At this time a French army captain, Charles Barbier de la Serre, invented a technique of 
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using a raised 12-dot system for soldiers to write and read messages at night without light. He 
presented his system to the Royal Institute for Blind Youth (J. E. Sullivan 2012). The Institute 
accepted the system, but only tentatively. At the age of 15, Louis Braille modified it to the 6-dot 
Braille method known today. 
Braille is a 6-dot system of raised dots used for the blind to read and write. The dots are 
arranged in a grid with two dots horizontally and three dots vertically. As seen in Figure 10, the 
dots are numbered 1-6. 
 
Figure 10: Numbered Braille Cell (Tiresias 2009) 
It is the presence or absence of the dots in the braille cell that define the braille character. 
The standard produced by the Perkins brailler is the standard used by the United States Library 
of Congress and other international agencies (Tiresias 2009). These standards define the spacing 
and minimum height requirements of the dots in each cell. Figure 11 labels the dimensions of the 
spacing. The horizontal dot to dot length is “a”. The vertical dot to dot length is “b”. The cell to 
cell length is “c”. The line to line length is “d” (Tiresias 2009). According to the US Library of 
Congress, the spacing standards are defined as follows: a = 2.5 mm, b = 2.5 mm, c = 6.25 mm, d 
= 10.0 mm. The dot height standard is 0.5 mm (Tiresias 2009). 
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Figure 11: Standard Spacing Dimensions (Tiresias 2009) 
The slate and stylus were invented to produce braille. The main advantage of this device 
is its portability. The disadvantages are the orientation in which the user produces braille and the 
amount of effort needed to produce braille. The slate is comprised of two metal plates connected 
by a hinge (Paths to Literacy 2012). The top plate serves as a guide for the stylus. The stylus is 
comprised of a sharp metal awl held in a handle. The back plate of the slate contains indented 
braille cells to guide the stylus in order to emboss the paper. Figure 12 displays the slate and 
stylus. 
 
Figure 12: Slate and Stylus (Paths to Literacy 2012) 
The orientation in which the braille is produced is difficult. The dots are made inverted, 
so the user must braille from right to left. When the paper is turned over, the user can read the 
raised dots from left to right. This method of producing braille is exhausting and only allows the 
user to write a small amount, in a long amount of time. It limits the speed at which the user can 
write. 
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Due to the disadvantages of the slate and stylus method of producing braille, other 
methods were being invented. In the 1930s, braille writers, similar to typewriters, were being 
invented. Howe Press began manufacturing braille writers as well. At this time a new director of 
the Perkins School for the Blind, Dr. Gabriel Farrell, wanted Howe Press to develop and produce 
a better braille writer (Perkins School for the Blind 1993). To do this, he asked David Abraham, 
a teacher in the Perkins woodworking department, to coordinate with Dr. Edward Waterhouse 
and design a new braille writer. He decided to ask Abraham because of Abraham’s extensive 
background in mechanics and his appreciation of precision and accuracy. Abraham presented his 
design to Farrell in November 1939. There was a lack of manufacturing supplies at this time due 
to the World War II. This stalled the production of the braille writer. Finally in 1951, the first 
Perkins brailler was produced at Howe Press (Perkins School for the Blind 1993). 
2.2 Approach to Design and Redesign of Perkins Mechanical Braillers 
The goal of any braille writer is to expand braille literacy in the world. The design of the 
original Perkins brailler by David Abraham had many specifications in order to produce a better 
braille writer than the others on the market. The new braille writer needed to be tough and 
durable. It needed to be easy to use, quiet, and have a light touch. It was to permit quick paper 
insertion and quick line spacing. It also needed to allow previously embossed paper to be 
reinserted and typed on without damaging the existing braille dots. 
In 2005, Perkins decided to redesign their brailler. David Morgan, the General Manager 
of Perkins Products states this about the Standard Perkins Brailler, “the product was already 
successful, sales were at a record high, and customers were intimately familiar with every facet 
of the product” (K. Ukura 2010). This made the redesigning of the product difficult. There 
needed to be a balance between enhancing the device, while maintaining the functions of the 
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brailler in order to please users. Perkins Products worked with Product Development 
Technologies (PDT) to ensure the process of the new design was carried out effectively. PDT 
uses “a number of front-end research and product strategy techniques to help clients make 
products that provide real value to consumers in a time when money is tight” (K. Ukura 2010). 
Perkins Products and PDT began the new design by first reaching out to users of the Standard 
Perkins Brailler to understand their uses and interactions with the brailler. They received 
feedback from both American and international users. It was important to receive feedback from 
all types of users, including those from developing countries because about 40% of sold braillers 
are used in developing countries (K. Ukura 2010). The feedback they received informed them 
that they needed to improve portability and usability, and to modernize the design. The Next 
Generation Perkins Brailler was released in October 2008. 
2.3 Compare Design of Brailler with Axiomatic Design Process 
The first step in comparing the design of the Standard Perkins Brailler with the axiomatic 
design process is to fully understand this design process. Research was conducted to fully 
understand the process, its purpose and its usefulness. Then the Standard Perkins Brailler was 
decomposed in order to understand the functional requirements and design parameters. In doing 
this, a better comprehension was gained of how the brailler works and the design intent of the 
device. 
2.3.1 Axiomatic Design 
Axiomatic design is “an approach to engineering design based on two axioms, or laws, 
that say the best designs are those that: 1. Maximize the independence of the functional elements, 
2. Minimize the information content” (C. Brown 2011). Obeying axiom one gives a design that is 
adjustable. An adjustable design is a good design because it adapts well to change. In today’s 
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world of technology, change is no stranger. Engineers need to be able to stay on top of their 
designs and adapt them to the changing market. Satisfying axiom two will maximize the chances 
of success for any design and makes the design robust. Minimizing information gives definite 
purpose to every component in a design. It makes the design less complex and therefore, allows 
better, faster and less expensive manufacturing and development. The use of axiomatic design 
produces a better selection of design options. It also communicates design intent and helps to 
avoid unintended consequences. 
The axiomatic design process is done by decomposition and prioritization. The 
decomposition integrates the details of the content in successive levels (C. Brown 2011). The 
structure of a design is developed as the decomposition is being created. It contains customer 
needs (CN), functional requirements (FR), design parameters (DP), process variables (PV), and 
constraints (CON). The customer needs define what adds value to a design. The functional 
requirements describe what the design does. The functional requirements define what will be 
independently adaptable to change. “No design is better than its FRs” (C. Brown 2011). The 
design parameters are the physical components of the design. They describe the appearance of 
the design. For every FR, there is a corresponding DP. If a DP satisfies more than one FR, the 
design is said to be coupled. A coupled design violates axiom one and decreases the chances of 
being successful. This is because it will be difficult to adjust and adapt the design to changes. 
The process variables explain how the design is made. The constraints define what needs to be 
avoided. 
The decomposition is created in levels of hierarchy. This is where prioritization assists in 
the decomposition process. High level FRs and DPs are created to set the theme of the design. 
The FRs must follow the rules of “CEME Min.” This is an acronym for the rules that state an FR 
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must be: 1. collectively exhaustive, 2. mutually exclusive, and 3. minimum number (C. Brown 
2011). The decomposition process is as follows: 1. Develop high level FRs & CONs from the 
CNs, 2. Select the corresponding DPs, 3. Check for coupling and violation of CONs, and 4. Go 
to the next level (C. Brown 2011). The next levels decompose the top level FRs and DPs even 
further. This is necessary in order to ensure a design is collectively exhaustive. 
A design matrix is created to check that a design obeys both axiom one and two. The 
design matrix has the functional requirements on the horizontal rows, and the design parameters 
on the vertical columns. The designer is to check that each DP only satisfies one FR to make 
certain that the design obeys the axioms. This is done by using an “X” when the DP satisfies an 
FR and an “O” when it does not. The design matrix is a definite method for checking to see if a 
design is collectively exhaustive and mutually exclusive. If there is any coupling, the designer 
can find it easily and fix the problem before unintended consequences occur. “Axiomatic design 
enables measurement of progress and quality early in the design process” (C. Brown 2011). 
2.4 Introduce Use of Pneumatics 
It was decided to look into the use of pneumatics in a new brailler design because they 
are quiet, clean and easy to maintain. They operate quickly, and with the correct adjustments, 
provide a consistent amount of force. They are also non-sparking, due to the fact they do not 
require electricity (ACI 2012). Pneumatic operations use a tank, or reservoir, of compressed air 
or gas. The pressure of the air or gas is then used to transmit force to pistons and other parts in a 
device. 
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3. Results 
This section details the analysis of the Standard Perkins Brailler and the introduction of 
the use of pneumatics. 
3.1 Design Analysis of Perkins Mechanical Braillers 
First, the design of the Standard Perkins Brailler was analyzed through the use of 
decomposition and axiomatic design. Then, the Next Generation Perkins Brailler was evaluated 
to understand exactly what was improved and changed in the redesign. 
3.1.1 Design Decomposition of Standard Perkins Brailler 
The Standard Perkins Brailler is the braille writer analyzed for this project. It became 
apparent rather quickly that this braille writer was not a simple mechanical device. Although it is 
compact, there are over 700 parts to the brailler (Perkins School for the Blind 1993); all with a 
specific purpose and high tolerance. Perkins has high standards for consistency in their braille 
characters and spacing; therefore, precision is important. 
The original purpose of this design was to have a faster and easier way of writing braille. 
This was in relation to the lack of braille writers in the 1930s. The braille writing method that 
was most consistent with character and line spacing at the time was the slate and stylus. This 
method was slow and tiring though. Many companies tried to design a mechanical braille writer, 
but could not achieve the desired consistency for spacing, or the desired ability to braille quicker. 
David Abraham spent many years working on his design of the braille writer and was able to 
produce the Standard Perkins Brailler. Throughout the past 60 years, the Standard Perkins 
Brailler has been a success. It seems, however, that the brailler is becoming a little outdated. 
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After testing the brailler to familiarize with it, it was apparent that there was a definite 
need for improvement in the design. The weight of the brailler was the first problem noticed. The 
outer shell of the brailler was a heavy metal material. The next problem was that typing could 
quickly become exhausting. There was a long keystroke, and a high force required to type. The 
typing was also loud and possibly disturbing to others around. There are obvious needs for 
change in the brailler; the reason it has not changed may be because it was too difficult.  
In attempting to solve the problems of the brailler, it was necessary to understand just 
how the brailler works. Through the method of axiomatic design and the use of the program 
Acclaro, the design decomposition was created for the brailler. 
3.1.1.1 Top Level Decomposition: FR0 
 
Figure 13: Top Level Decomposition 
The main functional requirement of the Standard Perkins Brailler is to type braille (FR0). 
The design parameter used to fulfill FR0 is a brailling machine. Figure 14 displays DP0. 
 
Figure 14: Standard Perkins Brailler (Perkins Products 2012) 
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Functional Requirements 
In order to type braille, the user must be able to complete three functional requirements: 
type a character, re-position the embossing mechanism and advance the paper to the next line.  
Design Parameters 
A character embossing mechanism is used to type a braille character. A re-positioning 
mechanism is used to re-position the embossing mechanism. An advancing paper mechanism is 
used to advance the paper to the next line. These mechanisms are composed of many mechanical 
components with high tolerances for exact precision on the dimensions of the braille characters, 
as well as the spacing between characters and line spacing. 
Design Matrix 
The design matrix for the top level decomposition provides evidence that there is 
coupling in the design. DP1 satisfies both FR1 and FR2. This means that the character 
embossing mechanism both types a character, and re-positions the embossing mechanism. This is 
where the major issues come in when trying to redesign the brailler. 
 
Figure 15: Design Matrix 
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3.1.1.2 Functional Requirement 1 Decomposition 
 
Figure 16: Decomposition of FR1 
Functional requirement 1 is to type a character, using a design parameter of a character 
embossing mechanism. 
In order to type a character, there are two major functional requirements that need to be 
satisfied. One is to actuate the embossing mechanism and the second is to direct the embosser 
toward the paper. This is done using a character key mechanism and an embossing mechanism. 
FR1.1 is decomposed into five functional requirements and corresponds to five design 
parameters. When the character keys, shown in Figure 17, are depressed, the mechanical linkage 
bars are extended. 
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Figure 17: Character Keys 
Extending these linkages rotates the cam rods. The cam rods, when rotated, actuate the 
embosser. Figure 18 displays the embossing mechanism, highlighted in the red rectangle, and the 
cam rods, directed to by red arrow. 
 
Figure 18: Embossing Mechanism and Cam Rods 
Also when the character keys are depressed, the paper stabilizer is actuated. The paper 
stabilizer then stabilizes the paper allowing a braille character to be produced on the paper. 
FR1.2 is decomposed into two functional requirements and two design parameters. When 
the embosser is actuated, it extends the pin(s) toward the paper. The pins then create raised dots 
in the paper. 
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3.1.1.2.1 Functional Requirement 1.1.5 Decomposition 
 
Figure 19: Decomposition of FR1.1.5 
Functional requirement 1.1.5 can be decomposed even further. When the paper stabilizer 
is actuated, it stabilizes the paper. This is done because the space bar is depressed, which rotates 
the rack gear. The rack gear then actuates the rollers, which depresses the rods. Figure 20 
displays the rack gear, enclosed in the red shape, and the roller, directed to by the red arrow. 
 
Figure 20: Rack Gear and Roller 
When the rods are depressed, they depress the beam. The beam then depresses the 
carriage head which stabilizes the paper on the top plate of the embossing mechanism, allowing 
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the pins to then create raised dots in the paper. Figure 21 displays one of the rods, the beam, the 
carriage head and the top plate.  
 
Figure 21: Rod, Beam and Carriage Head 
3.1.1.3 Functional Requirement 2 Decomposition 
 
Figure 22: Decomposition of FR2 
Functional requirement 2 is to re-position the embossing mechanism. This is done with a 
re-positioning mechanism. FR2 is decomposed into two functional requirements and two design 
parameters. The x-direction advancing mechanism advances the embossing mechanism across 
the paper. The x-direction reversing mechanism reverses the direction of the embossing 
mechanism across the paper. 
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FR2.1 can be decomposed into four functional requirements and design parameters. 
When the space bar is depressed, it rotates the rack gear. The rack gear then releases the unfixed 
pawl from stabilized position. The rack gear is then aligned with the fixed pawl, which limits the 
advancement of the embossing mechanism to only one cell at a time. When the space bar is no 
longer depressed, the unfixed pawl is then aligned with it again and it stabilizes the position of 
the embossing mechanism. Figure 23 shows the rack gear rotated and aligned with the fixed 
pawl. The unfixed pawl is shown as released from position. 
 
Figure 23: Unfixed Pawl, Rack Gear, Fixed Pawl 
FR2.2 can be decomposed into four functional requirements and design parameters. 
When the backspace key is depressed, the chain gear mechanism rotates. When the chain gear 
mechanism rotates, it rotates the chain to allow reverse movement by only one cell. When the 
chain is rotated, it moves the embossing mechanism in the reverse x-direction. Again, the 
unfixed pawl stabilizes the position of the embossing mechanism.  
It can be seen from the decomposition of FR1 and FR2 that the character keys satisfy 
more than one functional requirement and therefore create a coupled design. There is no way to 
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type a braille character, without also advancing the embossing mechanism. The force required to 
type a braille character is actually the sum of the force required to depress the character key and 
the space bar. This is because when depressing a character key, the space bar is also 
automatically depressed. 
It can also be seen that the rack gear satisfies more than one functional requirement. The 
rack gear actuates the rollers for the paper stabilizer, and it releases the unfixed pawl for the x-
direction advancing mechanism. There is no way to advance in the x-direction without actuating 
the paper stabilizer as well. 
 
3.1.1.4 Functional Requirement 3 Decomposition 
 
Figure 24: Decomposition of FR3 
Functional requirement 3 is decomposed into two functional requirements and design 
parameters. The y-direction advancing mechanism advances the paper away from the embossing 
mechanism. The y-direction reversing mechanism reverses the direction of the paper toward the 
embossing mechanism. 
FR3.1 can be decomposed into three functional requirements and design parameters. 
When the line spacing key is depressed it extends the y-direction linkage. The y-direction 
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linkage then rotates the paper feeding mechanism to allow advancement of only one line. The 
paper feeding mechanism then moves the paper in the y-direction. 
FR3.2 can be decomposed into two functional requirements and design parameters. The 
paper feed knobs are used to rotate the paper feeding mechanism. The paper feeding mechanism 
then moves the paper in the y-direction. Figure 26 displays the line spacing key, directed to by 
the red arrow, and one of the paper feed knobs, highlighted by the red rectangle. 
 
Figure 25: Line Spacing Key and Paper Feed Knob 
3.1.2 Critical Design Analysis of the Next Generation Brailler 
Although there is definite progress in the new design, like any engineering project, there 
is always room for improvement. There were obvious problems with the original brailler that 
needed to be changed. On the user experience side, the brailler was heavy, loud and time-
consuming. It also had a long keystroke that required a force that quickly became exhausting. 
The original brailler was heavy because it was made of all metal components. The new brailler is 
highly durable because it has the same metal interior parts, and has an outer shell made of high-
impact polycarbonate. The weight of the new brailler is lighter than that of the original (A. Leibs 
2012). Also, the keystroke and the bell at the end have been made quieter than the original. The 
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claimed “Gentle Touch” keys require less force to depress, and are lower and easier to reach (A. 
Leibs 2012). Although the force and keystroke length have been improved, it does not seem like 
they have been improved significantly. The front base of the new brailler has been shaped as an 
easy-grip handle for easier transportation. The margin guides have been moved from the back of 
the brailler to the front. An easy-erase button has been added to erase an entire braille cell. The 
back panel of the brailler can now be raised to provide a flat surface for easy reading of the 
paper. The shape of the paper-feed knobs has been changed to a “wingnut” shape, so that it is 
easier to grip and rotate. The color of the outer shell is now offered in two colors: midnight blue 
and raspberry. Perkins has also designed a high contrast in colors between the keys and the body 
of the brailler for users with low vision. 
 
Figure 26: The Next Generation Perkins Brailler (Perkins School for the Blind 2012) 
The amount of change for internal parts is much less than that of the changes for user 
experience. The embossing mechanism was changed from the original brailler to the new 
brailler. In the original design, the pins in the embossing mechanism were all shaped differently, 
in order to fit together in the required tight arrangement of braille dots. The new design contains 
six pins of equal shape and size. This improvement helps make manufacturing and assembly of 
the components easier and less expensive. The old and new design of the pins can be seen in 
Figure 27. 
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Figure 27: Old and New Design of Six Pins (D. S. Morgan et al 2009) 
Besides the pins, the internal mechanisms remained unchanged. The brailler design is still 
coupled. 
3.2 Introduction of the Use of Pneumatics in a Mechanical Brailler 
The use of pneumatic components will enhance the Perkins Brailler. As explained before, 
pneumatic components are quiet, clean, operate quickly, and are non-sparking. They are easy to 
install and provide a consistent force. 
The noise generated by the Standard Perkins Brailler is a concern to users. Although 
Perkins has advertised the Next Generation Brailler as a quieter device, it is still not quiet. 
Installing pneumatic components, such as valves, pistons and tubing, reduces the noise that is 
caused by the mechanical linkage components of the character key mechanism. 
The use of pneumatics is cleaner because it only requires compressed air to function and 
transmit forces. This is unlike the mechanical components of the current braillers which require 
oil. The lack of oil and simplicity of only using compressed air also makes the use of pneumatics 
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easy to maintain. The use of compressed air also allows the pneumatics to operate quickly. This 
makes it easy for the user to use their time effectively and efficiently. 
Assembling the tubing, valves, and pistons is easier and less expensive than 
manufacturing and assembling the current mechanical components. There are many different 
mechanical components in the device, each requiring their own specific manufacturing and 
assembly methods. 
Another advantage of the use of pneumatics is that it solves the problems described 
above, and does not require electricity to do it. The only way Perkins has been able to solve these 
problems is by producing an electrical brailler. The use of pneumatics will still allow the 
production and use of mechanical braillers. This is advantageous in developing countries where 
the use of electricity is difficult or too expensive for the user. 
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4. Conclusion & Discussion 
In completing this project, it is evident that the Perkins brailler is highly influential in the 
blind community worldwide. Braillers open the world of communication and expression for the 
blind. Due to this influence, there is no doubt why the Perkins brailler is so successful even with 
only one major redesign since it was invented. Although flawed, the Perkins Brailler is an 
immense step up from the use of a slate and stylus in order to produce braille. Analyzing the 
design of this device has improved my knowledge and understanding of mechanical devices and 
the importance of the design process. 
It was discovered from the analysis of the brailler design that there was coupling within 
the mechanism. This coupling makes it difficult to make changes to the design. Coupling violates 
axiom 1 in the axiomatic design method. The brailler does not follow CEME Min requirements 
because it is not collectively exhaustive, nor is it mutually exclusive. 
In researching pneumatics, it has been determined that pneumatic components would be 
beneficial in a brailler design. This project is an ongoing project. As mentioned earlier in this 
report, there is always room for improvement in any engineering project. The next step to take 
with this project would be to evaluate different pneumatic components and create an 
axiomatically designed prototype of a working pneumatic brailler. 
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Appendices 
Appendix A: Labeled Image of the Standard Perkins Brailler 
 
Figure 28: Standard Perkins Brailler (S. M. Rothstein 2012) 
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Appendix B: List of Pneumatic Component Distributors and Manufacturers 
1. Minuteman Controls  
http://www.minutemancontrols.com/ 
 
2. Clippard Minimatic 
http://www.clippard.com/ 
 
3. Palmers Pursuit Shop 
http://palmer-pursuit.com/cart/ 
 
4. Numatics 
http://www.numatics.com/ 
 
